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PREFACE

The U.S. Geological Survey (USGS) con-
ducted a Submersible Pressure Sensor work-
shop at the USGS National Training Center in
Lakewood, Colorado, June 7 - 10, 1994, ori-
ented towards the application and needs of
pressure sensors in ground-water investiga-
tions. Thirteen of the 23 attendees gave pre-
sentations that covered the following topics:
(1)specialized and routine applications of sub-
mersible pressure sensors, (2)pressure-sensor
instrumentation problems and needs, (3)use
and storage of pressure-sensor data, and
(4)needs associated with training and technol-
ogy transfer. In addition to the presentations
and the resulting abstracts and papers that are
presented in these proceedings, panel and
open-forum discussions were conducted at
the workshop on each of the topics.

These proceedings are intended to supple-
ment information presented at the two previ-
ous USGS pressure-sensor workshops
published as (1) Proceedings of a pressure
transducer-packer workshop, June 25-28,
1991: U.S. Geological Survey Open-File
Report 93-71, by Latkovich, V.J., 1993, and
(2) Proceedings of a U.S. Geological Survey
pressure-sensor workshop, Denver, Colorado,
July 28-31, 1992, Open-File Report 94-363,
by Wilbourn, S.L., 1994. All three proceed-
ings volumes are intended for broad distribu-
tion and use in planning the many and varied
applications of pressure sensors within the
USGS.

Kenneth J. Hollett
Sammy L. Wilbourn
Vito J. Latkovich
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" Conversion of Transducer Data to Water Levels Using the
National Water Information System (NWIS)

By Douglas J. Burkhardt!

Pressure transducers are being used to
monitor water levels in the Yucca Mountain
area, Nevada. The data will be used to help
evaluate the suitability of the area for storing
high-level nuclear waste. In the early years of
the saturated zone studies, transducer output
(millivolts) from boreholes was converted to
water-level altitude (in meters above sea level)
using software written by project staff. Cur-
rently a technique for using the U.S. Geological
Survey's National Water Information System
(NWIS) is being used to convert transducer
output to water levels.

The Automated Data Processing System
(ADAPS) sub-system of the National Water In-
formation System (NWIS) was created to pro-
cess, store, and retrieve water data. The
software was originally created mainly for sur-
face water data, but may be used for other types
of data. This software's flexibility allows vari-
ous types of data processing to be performed
within the database. The water-level data col-
lected at Yucca Mountain are sent via satellite
from data collection platforms (DCP's) directly
into ADAPS. Data are collected hourly and
transmitted every four hours to the ADAPS
sub-system. Data manipulation within the
ADAPS system is required to convert transduc-
er output to water levels.

The conversion of transducer output to
water levels involves several steps. When the
transducer is installed, water-level altitude is
determined using a steel tape or multi-conduc-

I Mathematician, U.S. Geological Survey, Project office,
Yucca Mountain Project Branch, Hydrologic Investigations
Program, MS 421, Building 53, Box 25046, Denver Fed-
eral Center, Lakewood, Colorado 80225.

tor cable. A calibration factor that relates
change in transducer output to a change in
depth of transducer submergence is then
determined. The transducer is lowered to a pre-
determined depth below water-level surface,
termed the "setpoint,” and the transducer output
is then recorded. If the transducer output at the
setpoint remains constant over time and the cal-
ibration factor does not change, the conversion
of data is a three-step process. First, the output
of the transducer at the initial setpoint in milli-
volts is subtracted from the output data. The re-
sulting millivolt value represents the change in
transducer submergence depth (change in wa-
ter level). This step is performed within
ADAPS by using a linear variable datum cor-
rection. Secondly, the data are divided by the
calibration factor, which converts the millivolt
change to water-level change in meters. Lastly,
the change in water level is added to the water-
level altitude measured at the last calibration.
These two steps are performed within ADAPS
by using a standard rating table. A standard rat-
ing table is a generic equation in which the user
supplies the coefficients. The rating table uses
the calibration factor to convert the change in
millivolts to a change in meters. Then the rat-
ing table adds the change in water level to

the initial water level. All calculations in the
conversion process are completed entirely
within ADAPS.

Transducer output does not always re-
main constant at the setpoint due to drift, and
calibration factors tend to change to some de-
gree. These variable factors cause the conver-
sion of millivolts to water levels to be more
complex. For example, the transducer output
may change from 10 millivolts to 11 millivolts
at a constant setpoint or the calibration factor at

Conversion of transducer data to water levels using the National water Information System (NWIS) 3



the beginning of a period may be different from
the ending calibration factor. These types of
problems can be accurately accounted for with
frequent and reliable calibration, setpoint, and
water-level-measurement data.

The first type of drift is setpoint drift. The
effect of this drift is to give changes in the
record that are transducer related not water-lev-
el changes. The first step to remove this type of
drift is to determine what water-level change
occurred. Manual water-level measurements
are assumed to be more accurate than hourly
transducer measurements. At the beginning
and end of a period, a manual measurement is
taken. The change in water level from begin-
ning to end of the period is converted to milli-
volts using the calibration factor. This gives the
expected change in the setpoint. The next step
is to subtract the setpoint for the beginning of
the period from the ending setpoint. This
amount is the change in setpoint that occurred.
Drift is the difference between the expected and
the actual millivolt changes. If the ending set-
point is higher than the expected, the transducer
had positive drift in that period. If the ending
setpoint is lower than what was expected the
transducer output drifted negatively.

ADAPS is used to account for this type of
drift with a linear datum correction. This type
of drift is assumed to be linear over time. Atthe

beginning of a period, the initial setpoint is al-
ways used. The adjustment for drift is made at
the end of the period. If a transducer has a pos-
itive drift over a period, the ending setpoint will
equal the initial setpoint plus the amount of the
drift. The effect of accounting for drift is to
eliminate change not related to water-level
fluctuation. Similarly, if the drift was deter-
mined to be negative, the ending setpoint will
equal the initial setpoint minus the amount of
the negative drift.

The other type of drift is calibration factor
drift. The effect of this type of drift is to give
an inaccurate millivolts-per-meter conversion
factor for the data. The amount of drift is deter-
mined by subtracting the ending calibration
factor from the beginning calibration factor. It
is assumed the calibration factor drifts linearly
over time. This is accounted for in ADAPS by
inserting additional rating tables. The drift is
calculated for the whole period and divided by
the number of months within the period. If the
calibration factor has drifted significantly
enough to change every month, a new rating is
entered for each month. If the drift is not
enough to change the calibration factor, the
same equation is used for the entire period. To
account for either type of drift, a beginning and
ending setpoint, water-level measurement, and
calibration factor is essential.

4 Conversion of transducer data to water levels using the National water Information System (NWIS)



High-accuracy Measurements With Inexpensive
Pressure Sensors—assembly, Calibration, and Use

By M.C. Carpenter!

Inexpensive pressure sensors can be sol-
dered to inexpensive cable, potted in water-
proof housings, and submerged in water to
measure water-level changes in wells and pie-
zometers, pore-pressure changes in saturated
sediments, and soil-moisture tension with an
accuracy of 10.03 percent or better. A useful
sensor that can have water in the pressure port
is the Motorola MPX2200AS2. This absolute-
pressure sensor has a range of 21 meters of wa-
ter. Because atmospheric pressure is about
10 meters of water, this sensor can be used to
measure submergence of as much as 11 meters
of water. Measurement of submergence is
done using one sensor as a barometer and an-
other sensor under water. The difference in
pressure between the sensors is submergence.
Differential-pressure sensors that can be used
with water in both ports include the Honeywell
Micro Switch 24PC and 26PC series. Full-
scale pressure spans range from 0.3 to
20 meters of water. Differential sensors re-
quire a vent tube from the reference port to the
atmosphere but do not require a barometer for
adjustment to submergence. A barometer,
however, is a useful ancillary sensor when
measuring ground-water levels because the
barometric effect on water levels in wells and
piezometers can be as much as 0.2 meters.

A rugged and inexpensive housing for
these sensors consists of a PVC-pipe coupling
and two plugs (fig. 1). The bottom plug is cen-

I Hydrologist, U.S. Geological Survey, District office,
375 South Euclid Avenue, Tucson, Arizona 85719.
Use of trade names in this abstract is for identification
purposes only and does not constitute endorsement by the
U.S. Geological Survey.

ter-drilled with a letter “D” bit (6.248-millime-
ter diameter) for a pressed fit that allows the
pressure port to stick out the bottomn of the
housing. The top plug is drilled for cable
feedthrough, vent-tube feedthrough (differen-
tial sensors only), and potting relief. The cable
(Belden 8723) and vent tube (3- to 5-millimeter
nylon tubing) are pressed through the plug and
attached to the sensor. The pressure port is
pressed through the bottom plug, and the con-
tact between the PVC and pressure port is
sealed with cyanoacrylic glue, such as Locktite
Prism 401 with 704 primer. The bottom plug is
glued into the coupling, the cavity is filled with
potting compound, such as TAP 1-1 (TAP Plas-
tics, Dublin, California), and the top plug is
pressed into place allowing excess potting
compound to flow out the relief hole. TAP 1-1
has been observed to have greater than 10 gi-
gaohms resistance after 3 years in water. If
TAP 1-1 is used, the components should be
warmed to at least 40° Celsius before mixing.

A common calibration procedure for
pressure sensors uses a standpipe to obtain dif-
ferent values of submergence and a linear re-
gression or straight-line fit. The equation is:

V =a+bP, 1

in which V is sensor output (the dependent vari-
able), in millivolts; P is pressure (the indepen-
dent variable), in meters or feet of water; and @
and b are regression coefficients. Equation 1 is
solved for P giving:

V—a

P = T 2

High-accuracy Measurements With Inexpensive Pressure Sensors—assembly, Calibration, and Use 5
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Figure 1. Pressure-sensor housing.

In the calibration procedure, the variables
P and V are commonly switched, giving:

P=a+b'V, 3)

in which a’=1/b and b'=-a/b from equation 1.
This procedure is statistically incorrect because
independent and dependent variables are not
interchangeable. As a practical matter, howev-
er, when the r“ value (coefficient of determina-
tion) is 0.9999 or higher, the eventual
coefficients that are programmed into the data
logger are identical.

The problem with linear regression for
calibration of pressure sensors is that the proce-
dure gives the false appearance of a good fit
while leaving large residual errors. In fact, the
7 for the linear regressions for sensors M66,

M68, and M69 range from (0.99998 to 0.999994
(fig. 2), although errors of as much as

30 millimeters exist between the calibration
points and the individual linear-regression
equations (fig. 3).

A more complicated but entirely
manageable procedure reduces the residual
error by an order of magnitude. The pressure
sensors are calibrated at five pressures at each
of three temperatures in a water bath in a
Nalgene Dewar flask using a Paroscientific
760 field standard, a MityVac hand pump, and
a manifold that distributes pressure to several
sensors. These components are connected by
plastic tubing and Swagelok fittings. A
Campbell Scientific CR-10 data logger collects
data from the pressure sensors, Paroscientific
standard, and Campbell Scientific 107B

6 High-accuracy Measurements With Inexpensive Pressure Sensors—assembly, Calibration, and Use
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Figure 2. Linear-regression calibration for sensors
M66, M68, and M69. No distinction can be made
between the calibration points and the regression
lines. Thus, this type of representation gives the
false appearance of a good fit.

temperature sensors inside the manifold and in
the water bath. This calibration procedure
produces recorded values of voltage for ranges
in pressure and temperature.

Multiple regression is used to determine
the calibration equation for each pressure
sensor. An equation that can reduce residual
error with respect to the standard to 10.03
percent over the calibration range of 10 meters
of water-level fluctuation is:

V= a+bP+cP2+dT+e12+fTP, O]

in which V is sensor output (the dependent vari-
able), in millivolts; P is pressure (an indepen-
dent variable), in feet or meters of water; T is
temperature (an independent variable), in de-
grees Celsius; and a, b, c, d, e, and f are regres-
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Figure 3. Comparison of residual errors from multi-
ple regression with residual errors from linear regres-
sion. Error is reduced from +30 millimeters to

+3 millimeters.

sion coefficients. Solving equation 4 for
pressure gives:

p= _UT+D)
2c
(5)

JUT+b) 2= 4c(a+dT+eT*-V)
2c )

With the exception of one outlier of
8 millimeters, using equation 4 reduces the er-
ror to 3 millimeters. The corresponding range
of r2 using equation 4 is 0.9999993 to
0.99999992. Equation 5 can be programmed
into a data logger to give temperature-corrected
output if a temperature sensor is installed with
the pressure sensor or built into the housing for
the pressure sensor.

High-accuracy Measurements With Inexpensive Pressure Sensors—assembly, Calibration, and Use 7



The MPX2200AS absolute-pressure sen-
sors were jetted into place along with tempera-
ture sensors beside screened piezometers in
three sand bars along the Colorado River in the
Grand Canyon to monitor changes in bank-
storage, seepage erosion, and slumping pro-
cesses from October 1990 to April 1994. Dis-
charge of the Colorado River in the Grand
Canyon is regulated by Glen Canyon Dam and
has fluctuated from less than 85 to more than
800 cubic meters per second on a daily basis.
Stage fluctuations have exceeded 3.4 meters on
downstream sand bars. Water-level and baro-
metric fluctuations of selected sensors at sand
bar 43.1L during 1992 (fig. 4) illustrate the low
level of drift and hysteresis in the pressure sen-

sors. Sensors P48, P46, and P37 were succes-
sively shoreward from the water's edge, and
sensor P44 was 3 meters below sensor P46.
Water-level fluctuations attenuated with dis-
tance into the sand bar and exhibited vertical as
well as horizontal time-lag effects.

Two periods of constant discharge provided
an opportunity to compare drift among sensors.
Maximum difference among eight pressure sensors
from a constant-discharge period ending on April
22, 1991, to the constant-discharge period ending
on October 13, 1992, was 20 millimeters or
0.1 percent of the 10-meter range per year. Four
sensors agreed to 3 millimeters or the resolution of
the sensor with the data logger. The peak-to-peak,
short-term difference between barometric sensors
(fig. 4) was 12 millimeters. Long-term drift of the

OCTOBER 1992

Figure 4. Water-level and barometric fluctuations at selected piezometers at sand bar 43.1L along the
Colorado River in the Grand Canyon. Sensors P48, P46, and P37 are successively farther from the river’s
edge into the sand bar. Sensor P44 is 3 meters below sensor P46.

8 High-accuracy Measurements With Inexpensive Pressure Sensors—assembly, Calibration, and Use
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- two barometric sensors also was 12 millimeters be-
tween April 1991 and October 1992.

Hysteresis is the difference between outputs
of a sensor for identical inputs approached from
positive and negative senses. Hysteresis is com-
monly called deadband and appears as clipping or
truncation of peaks and troughs of highly variable
time series. Specification of hysteresis for the
MPX2200AS is 0.1 percent of full-scale output, or
20 millimeters. If hysteresis were 20 millimeters,
the record of seepage stress (fig. 4) would exhibit
pronounced flat peaks and troughs. Actual hystere-
sis appears to be no more than the sensor-data log-

ger resolution of 3 millimeters or 0.014 percent of
calibrated water-level fluctuation.

The MPX2200AS sensors provided high-ac-
curacy data for more than 3 years when potted in in-
expensive waterproof housings and submerged in
saturated sand. Failure rate was about 15 percent.
The sensors held calibration with a small amount of
drift that was removed by measuring water levels in
adjacent piezometers. Hysteresis was considerably
less than the manufacturer’s specification.

High-accuracy Measurements With Inexpensive Pressure Sensors—assembly, Calibration, and Use 9
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GEOHYDROLOGIC DATA COLLECTION USING
DESIGN ANALYSIS MODEL H-300 SUBMERSIBLE
PRESSURE TRANSDUCERS AT EDWARDS AIR FORCE

BASE, CALIFORNIA

By Lawrence A. Freeman!

The U.S. Geological Survey (USGS) be-
gan a study at Edwards Air Force Base
(EAFB), California, in 1990. The study, a co-
operative effort between the USGS and the
U.S. Air Force, was requested by the Air Force
to analyze the effects of ground-water with-
drawals on ground-water levels and aquifer-
system compaction on EAFB property. Geo-
hydrologic applications of the collected water-
level data include the study of aquifer-system
mechanics as it relates to strain induced by nat-
ural phenomena such as earth tides, changing
barometric pressure, and earthquakes.

Ground-water levels were recorded using
three different types of water-level sensors: a
float system with shaft encoder and two models
of submersible pressure transducers. The float
system did not operate properly, even at shal-
low depths, because of the friction between the
floats and the 2-inch poly-vinyl chloride (PVC)
casings. A float system requires a large diame-
ter casing with little or no deflection from ver-
tical. The first model of submersible pressure
transducer used had a short life span (generally
2 to 5 months) because of its susceptibility to
moisture accumulation in the breather tube or
in the electronics of the transducers.

The data-collection needs of the project
required a sensitive and stable water-level sen-

1 Hydrologic Technician, U.S. Geological Survey, Qual-
ity Assurance Section, California District office, 2800 Cot-
tage Way, Federal Building, Room W-2233, Sacramento,
California 95825

sor with a history of extended longevity in field
installations. The sensor also needed to fit in-
side the 2-inch diameter piezometers, to be
easy to install and maintain, and to be relatively
inexpensive to procure. The Design Analysis
WaterLog H-300 (H-300) was selected for data
collection during this study because of the fac-
tory specifications for accuracy and stability
(lack of calibration drift) and because it met the
above requirements. At the onset of this study,
the H-300 was considered by many investiga-
tors to be the state-of-the-art submersible trans-
ducer in its price range. Other benefits of the
H-300 are its Serial to Digital Interface, 12 volt
(SDI-12) output; its compatibility with the
Campbell Scientific CR-10 data loggers, which
were already being used for the study; and its
relatively low power consumption. The H-
300s have produced excellent results and are
still being used in the study.

During the period of June through De-
cember 1992, H-300s were installed in
15 piezometers at 8 sites on EAFB. Fourteen
of the 15 H-300s have an output range of 0 to
5 pounds per square inch (psi), which equates
to arange of 0 to 11.53 feet. When the data log-
ger is set to record at high resolution, a preci-
sion level of 0.001 psi can be recorded. The
remaining H-300 has a 0- to 15-psi range,
which equates to a range of 0 to 34.60 feet. Re-
cording data at high resolution resulted in psi
values that could be recorded to 0.003-psi pre-
cision. After converting the output to feet, a
precision of 0.0023 foot for the 5-psi model and
0.0069 foot for the 15-psi model could be
achieved. The 15-psi H-300 was installed in a
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piezometer that registered large daily and sea-
sonal changes in water level due to the proxim-
ity of the piezometer to the major production
well field. In addition to ground-water levels,
aquifer-system compaction, barometric pres-
sure, and rainfall also are being recorded at se-
lected sites within the EAFB study area. All
data are recorded to Pacific Standard Time.

Ground-water levels in the monitored pi-
ezometers ranged from about 20 to 150 feet be-
low land surface. Seasonal water-level
variations in individual piezometers ranged
from as little as a few tenths of a foot to more
than 20 feet. Five of the piezometer sites were
near a primary production well field where the
greatest amount of land subsidence on EAFB
has been documented. During the pumping
season, the water level in the deepest piezome-
ter at the site closest to the production wells
fluctuated daily by as much as 7 feet. This par-
ticular piezometer was instrumented with the
15-psi range H-300.

Several of the transducers had to be repo-
sitioned periodically due to seasonal water-lev-
el changes. In one instance, the transducer was
subjected to more than twice its listed range of
5 psi with no apparent damage or change to its
calibration. After repositioning, the transducer
continued to perform well. In another piezom-
eter, the water level dropped to less than
0.01 psi. The physical water-level measure-
ment made at the time verified the H-300 out-
put. Both of these examples demonstrate that
the entire output range of the H-300 is extreme-
ly reliable.

Calibration of each transducer was done
in the field at the time the transducer was in-
stalled in the piezometer and was checked each
time a transducer was repositioned. Calibra-
tion was performed by moving the transducer
in equal increments through the water column
and then recording the transducer output and
the corresponding distance that the transducer
was moved. A minimum of four incremental
calibration points that spanned the factory cali-

bration range were used. The data pairs were
used to compute a regression equation that
would convert psi to the depth of the transducer
below water surface. The equation was then
combined with an offset based on the water lev-
el measured by a calibrated tape at the time the
transducer was set in its final position. The fi-
nal equation converts the transducer output, in
psi, to water level as Depth Below Land Sur-
face (DBLS), in feet.

The recorded psi values are not converted
to DBLS in the data logger. These values are
retrieved using a portable field computer and
PFC software provided by the USGS Hydro-
logic Instrumentation Facility and are then
transferred to the Automated Data Processing
System (ADAPS) database on the California
District Prime computer. All EAFB project
data are stored and computed in ADAPS. After
the data are loaded into the database, the equa-
tion for converting psi to DBLS is applied as a
conversion of input rating. A copy of the con-
version equation is kept in the instrument shel-
ter so that the servicing hydrographer can
determine a computed value of DBLS to com-
pare with the physical measurement of DBLS.

There are several advantages to recording
only psi with the data loggers rather than re-
cording computed values of DBLS. Recording
only psi, which consists of one or two numbers
to the left of the decimal point, allows the best
use of the high-resolution recording option of
the CR-10 data logger. Another important ad-
vantage is the ability to determine when the
H-300 is nearing the upper or lower limit of its
range, which cannot be determined easily if
DBLS is the recorded value, especially if a
field person is not familiar with the instrumen-
tation at each site. A third advantage involves
quality assurance of the data. When coeffi-
cients and offsets are changed in the data log-
ger, problems are more difficult to track. Data
corrections are easier to track when the correc-
tions are done only in the database, which is
self-documenting.
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Physical measurements of water levels
are done using a calibrated steel tape or a cali-
brated electric tape. On each field run, dupli-
cate measurements of DBLS are made with
both types of measuring tapes. This duplica-
tion is done to determine if the electric tape
readings are stable over time, or if the readings
are drifting when compared with readings tak-
en with a steel tape. A log book of the compar-
ative measurements is kept for the record. Use
of a calibrated electric tape is preferred for
three reasons. First, it requires minimal sub-
mersion, thus minimizing the potential of the
tape to disturb or to become entangled with the
H-300. Second, it is easier to use than the steel
tape when making the required duplicate water-
level measurements. Third, it works well in
wet weather when keeping a steel tape dry is
difficult. Reliable water-level measurements
cannot be obtained with a wet steel tape.

The stability of the H-300 calibrations
varied. All but one transducer had a tendency
to drift, as indicated by the increasing differ-
ences that were noted between the converted
output of the transducers and the physical wa-
ter-level measurements. The drift was always
in one direction. A negative adjustment, which
increased with time, was needed to correct the
computed water levels to the measured water
levels. The maximum adjustments needed
ranged from O to -0.35 foot for the fourteen
5-psi models and -0.44 foot for the one 15-psi
model. The above corrections were
documented for data collected prior to October
1, 1993, and were applied during data process-
ing in ADAPS.

Infour cases, output of the transducer was
examined by using linear regression techniques
to help determine if the drift was a function of
time, stage, or a combination of both. The
strongest statistical correlation of the drift was
to time. Because of this, only a time prorated
correction was applied to data when computing
the water levels in ADAPS. A possible expla-

nation of drift over time is that there may have
been drift in the temperature sensor of the H-
300. Because the value for psi of a given vol-
ume of water is a function of the water density,
and water density is a function of the water
temperature, any drift in the temperature sensor
will result in a drift in the psi value. Another
explanation for drift over time could be fatigue
of the pressure sensing diaphragm. In general,
the transducers most affected by drift were in
piezometers that had the most frequent and
largest fluctuations in water levels. There also
was indication of a hysteresis component to the
drift, which, in one case, amounted to 0.04 foot.
This hysteresis was associated with seasonal
stage fluctuations. The stage-related hysteresis
possibly could be the result of expansion and
contraction of the stainless steel line from
which the H-300 is hung or inaccuracies in the
calibration procedure caused by the displace-
ment of water in the 2-inch piezometer as the
transducer was raised and lowered. In spite
of the tendency to drift, the H-300s still per-
formed well. The drift was documented

easily and compensated for during the compu-
tational process.

Another unique feature of the H-300 is its
dry-air system. Unlike most other submersible
transducers, the breather tube of the H-300 is
made of larger diameter poly-tubing, an im-
provement over the capillary tubing commonly
used in transducers. Small moisture droplets
cannot block the free passage of atmospheric
pressure in large tubing as they can in small
tubing. However, the use of larger diameter
poly-tubing with the H-300s greatly increases
the volume of air that must be dehumidified.
The H-300 can be purchased with a dry-air
system that has a large volume, but it might not
be large enough to accommodate the volume of
air in the breather tube. Even with the large
dry-air system, frequent changes of the desic-
cants were needed. The longest lengths of tub-
ing required even more frequent exchanges of
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the desiccants. Improving the quality of the
desiccating material and increasing its volume
could help to reduce the frequency of these
exchanges.

Only two failures of the transducers were
experienced and both were related to the accu-
mulation of moisture on the electronics of the
transducer. The only way that this could occur,
other than a direct leak in the system, is for con-
densation in the tubing to settle into the trans-
ducer. The tubing must be supported by a
suspension system that will not allow it to slip
downward. This system is separate from the
suspension system that is used to hang the
transducer in place. Kinks in the poly-tubing
have been caused by slippage, thus weakening
the tubing where it is bent. This weakening
of the tubing allows moisture to enter through
micro-cracks. The poly-tubing also is slippery
and difficult to fasten firmly. These problems
can result in damage to the tubing from

kinks, small cuts, and abrasions. This damage
could allow atmospheric moisture to enter
the system.

Overall, the H-300 is reliable and offers
relatively trouble-free operation. During the
period from June 1992 through September
1993, the EAFB study experienced only two
failures out of the original 15 H-300s that were
installed. Those two failures occurred approx-
imately 12 and 14 months after installation.
The H-300 has demonstrated a marked increase
in life expectancy over the other submersible
pressure transducer that was used during the
study. It also has been proven to be extremely
useful in narrow diameter installations where a
float system cannot operate properly. The reli-
ability and precision of the data collected are
well suited for geohydrologic studies where the
analysis of aquifer-system compaction and
aquifer mechanics is a component.
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~ Accuracy of Pressure Transducer Readings, 1991 to 1992,
Black Swamp, Eastern Arkansas

By Gerard J. Gonthier!

Ground-water and surface-water levels
were continuously recorded in Black Swamp,
Arkansas, using HydroNET-300-5 pressure
transducers. The Waterways Experiment Sta-
tion, a branch of the U.S. Army Corps of Engi-
neers, is conducting an extensive study of the
Black Swamp bottomland hardwood wetland
in eastern Arkansas. As part of the study, the
U.S. Geological Survey is studying the
ground-water flow system within the Black
Swamp wetland to better understand:

(1) ground-water flow conditions, and
(2) ground-water surface-water interaction.

Water levels were measured in 119 wells
and at 13 staff gages in and around the Black
Swamp. Differences in ground- and surface-
water levels were measured at locations within
the wetland. These locations are well nests
usually consisting of a 2-inch well completed
just below the confining unit in the upper part
of the alluvial aquifer (5 to 15 feet deep), a
2-inch well completed in the confining unit
(2 to 6 feet deep), and a staff gage. Well open-
ings were 2-inch PVC (polyvinyl chloride)
casing with 0.02-inch wide horizontal slots.
Sand was placed around the openings, and
bentonite was placed around the casing from
the top of the opening to the land surface. The
bentonite is gelatinous when wet and clings to
the well casing even if the well is bumped,
effectively working as a seal to prevent leak-
age along the casing. All well and staff gage
altitudes were surveyed to the nearest 0.01
foot.

I Hydrologist, U.S. Geological Survey, District office,
401 Hardin Road, Little Rock, Arkansas 72211.

Three HydroNET-300-5 pressure trans-
ducers were installed in each of two well nests.
The pressure transducers are submersible with
a vented cable that terminates at a small junc-
tion box which has an air hole that allows
atmospheric pressure changes to reach the
gage port of the transducer. Pressure range is
0 to 5 pounds per square inch or 0 to
11.53 feet. Manufacturer’s specification for
transducer accuracy is “less than or equal to
0.02 percent (+ 0.002) over a temperature
range of -5 to 50 [degrees Celsius] (non-freez-
ing) referenced to a straight line stretched from
0 to 5 [pounds per square inch]”. Pressure
transducer output is SDI-12.

At each of the two well nests, a 10-foot
high platform was built next to the two wells
and staff gage. A metal water-proof box was
mounted at the top of the platform and a 2-inch
stilling well was mounted on the side of the
platform. The water-proof box housed the bat-
tery, Campbell Scientific electronic basic data
recorder 301, and the pressure-transducer junc-
tion boxes. The stilling well had 2 feet of
screen just above the land surface and 8 feet of
casing above the screen. The stilling well min-
imized surface-water wave action and pro-
tected the transducer during flooding. The
data recorder was programmed to initiatemea-
surements at set intervals, which ranged from
30 minutes to 3 hours, and to record output of
water levels in feet using 2.307 as the multi-
plier.

Both well-nest installations were insuffi-
ciently grounded. A copper rod was ham-
mered about 2 feet into the ground, and a
copper wire connected the rod to the housing
box. Ground wires from the pressure trans-
ducers and the data recorder were connected
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to each other, but not to the housing box.’
Thus, the transducers were not connected to
earth ground.

The pressure transducers were installed
from March 21, 1991, to August 9, 1991, and
November 25, 1991, to October 9, 1992. Solar
panels and voltage regulators were added near
the end of the first period to keep the batteries
charged. The gap in the data was due to a
request by the distributor to return the trans-
ducers for an “upgrade.”

Pressure transducers have aided in the
study of ground and surface water in a wet-
land. Sudden rises in shallow ground-water
levels were detected during rainfall. These
water- level rises can be used to better under-
stand the hydraulic properties of the confining
unit and the upper part of the alluvial aquifer.
Diurnal fluctuations of as much as 0.38 foot
occurred during the growing season and are
attributed to evapotranspiration. During rising
surface-water levels, flow is from the surface,
through the confining unit, and into the upper
part of the alluvial aquifer. During falling sur-
face-water levels, flow is from the upper part
of the alluvial aquifer, through the confining
unit, and to the land surface.

Power-supply or moisture problems
appear to have caused fluctuations in output.
Erratic readings occurred when moisture levels
became very high. Diurnal fluctuations of
about 0.05 foot in ground-water levels were
apparent during the winter months, and had a
distinctly different pattern from those that
occurred during the growing season. Unnatu-
ral fluctuations that were apparently not
attributable to power-source or moisture prob-
lems also occurred and were analyzed to calcu-
late the accuracy of readings from
insufficiently grounded pressure transducers
used in this study.

The two well nests were visited to obtain
accurate water-level measurements in order to
calibrate pressure-transducer readings. Steel
tape and staff gage readings usually were done

before and after data were downloaded. Cali-
bration checks were done during site visits,
which average every 14 days before the
upgrade and every 18 days after the upgrade
with a maximum range of visitation period of 4
days to 1 month. Ground-water-level checks
were done with a steel tape; surface-water
checks were done by reading the staff gage.
The word “drift” is used here to describe
the change in difference pressure-transducer
output (offset) from one site visit to the next.
Offset plus the pressure-transducer reading
equals the steel tape or staff gage measurement
(assumed to be the true water level). Thus,

Drift =Py - Sp) - (P1 - §))

where P is the pressure-transducer reading, S
is the true water level, (P - S) is the pressure-
transducer offset, and the subscripts 1 and 2
are times of two consecutive site visits, respec-
tively. Absolute values of drift are statistically
analyzed in order to describe the accuracy of
pressure-transducer readings compared to true-
water levels. The smaller the absolute values
of drift, the more accurate the pressure-trans-
ducer readings.

A histogram of 133 calibrations made for
readings from all 6 pressure transducers
(fig. 5) shows that 75 percent of the pressure-
transducer readings drifted less than 0.07 foot
from the actual water levels based on the field
checks. Ninety-five percent of the pressure-
transducer readings drifted less than 0.2 foot,
4 percent of the readings drifted about 0.5 foot
or more, and 1 percent of the readings drifted
1.80 feet. Field quality assurance and control
measures were taken to rule out human error
during field checks. The median, third quar-
tile, and mean of the absolute values of drift
and half of the interquartile range of the drift
(table 1) indicate that pressure-transducer
readings were less accurate after the upgrade
than before the upgrade. A rank-sum test com-
paring readings before and after the upgrade
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confirm the decrease in accuracy witha -
p-value of 0.0019. The decrease in accuracy
after the upgrade may be due to an increase in
sensitivity to improper grounding and not nec-
essarily be due to a failure by the manufac-
turer. There was no correlation between drift
or absolute value of drift and the time or
change in water level between site visits.

Drift in pressure-transducer readings has
restricted the interpretation of continuous-
recorder data. The minimum desired accuracy
is about 0.02 foot. Based on the third quartile
values, accuracy is about .07 foot or about 3
1/2 times the minimum desired accuracy.

Insufficient grounding is suspected to be the
cause for the inaccuracy in these pressure
transducers. Another project being conducted
by the U.S. Geological Survey in Arkansas,
sometimes using the same transducers used

in the wetland, had proper grounding and had
drift of less than 0.02 foot. Despite problems
with accuracy due to the insufficient ground-
ing, pressure-transducers have collected
valuable data concerning ground-water flow in
a wetland. '
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